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(54) MATERIAL FOR THERMAL POWER GENERATION 

(57)Abstract: 

PURPOSE: To obtain a material for thermal power generation 
which displays a large output factor in a wide temperature range 
and which has a high thermoelectric characteristic even at a high 
temperature of 1000° C or higher by a method wherein the 
material is composed of a composite oxide of zinc oxide and 
alumina. 

CONSTITUTION: A zinc oxide-based composite oxide in which a 
part of zinc for zinc oxide has been substituted for aluminum can 
be expressed by Formula, where its substitution amount (x) is 
within a range of 1>x>0 and 8 is a very small value. Its conductivity 
is high (about 100S/cm) within a wide temperature range (0 to 
1000° C) f and its Seebeck coefficient (100 to 200pV/° C) as an 
absolute value is high. As a result, an output factor which is 
obtained becomes 5 to 10 thimes that of an iron silicate-baes 
compound. In addition, since its oxidation-resistant characteristic 
is high, a material for thermal power generation material is stable 
at a high temperature of 1 000° C or higher, it displays an excellent 
thermoelectric characteristic, and its coating operation is not 
required. Consequently, its upper operating temperature can be 

made high, its conversion efficiency can be enhanced. In addition, as compared with a semiconductor 
thermoelectric material in conventional cases, its machanical strength is high, and it is hard to break. In 
addition, the material is low-cost, it can be manufactured simply, and its cost as a whole is low. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to heat power generation material, especially the heat 

power generation material which consists of a zinc oxide system multiple oxide. 

[0002] 

[Description of the Prior Art]In thermoelectromotive force when temperature-gradient deltaT is 
given to a thermoelement, if gamma and external load resistance are set to R and current is set to I, 
the electric power P to generate will serve as [ internal resistance / of SdeltaT and an element ] P= 

(SdeltaT- gammal) =RI 2 . By the time of gamma=R, it is at this time that P becomes the maximum. 
[Equation 2] 

I--34L ... P -SfrT 2 
2r Hma * Ar 

If it sets with sigma=1 /gamma and Z=S 2 sigma/kappa here, [Equation 3] 
Pma*»^Z*AT 2 

It comes out. Are as approximate as maximum conversion efficiency eta max of thermoelectric 
generation making the elevated-temperature and low temperature side T h and T , respectively. 
[Equation 4] 

'h j^k v 2 I 

It is come out and given. It is required that this value Z should be called a performance index, 
Seebeck coefficient S [V/K] and its conductivity sigma [S/m] should be large to thermoelectric 
material since conversion efficiency improves so that Z[K~ 1 ] =S 2 sigma/kappa in M is large, and the 
thermal conductivity kappa [W/mK] should be small. Although exact measurement of kappa is not 
easy, since it does not change between substances of the same kind as S or sigma, output factor 

S 2 sigma [W/mK 2 ] which omitted kappa is often used for comparative evaluation. 

[0003]Since efficiency increases so that temperature-gradient T h ~T c is large, conversion efficiency 

can be raised also by raising the operating temperature by the side of an elevated temperature. 
Therefore, the chemical nature of excelling in heat resistance and oxidation resistance must also 
possess the heat power generation material which can be used in the hot atmosphere. 
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[0004]It can be considered as the material which fulfills such conditions to some extent, and a 
transition metal silicide can be mentioned. A transition metal silicide is a substance originally 
developed as heat-resistant materials, and an iron silicide (FeSi 2 ) is stable also in a high 

temperature atmosphere, and it is actively studied in order to show a comparatively big performance 
index. The compound which added manganese (Mn) and aluminum (aluminum) to the iron silicide 
(FeSi 2 ) is typical as a heat power generation material of this iron silicide series. (Refer to JP,60- 

43881, A and JP,60-43882,A) 
[0005] 

[Problem(s) to be Solved by the Invention] However, although the compounds of the above- 
mentioned FeSi 2 system are Seebeck coefficient S:1 50 - 250 muV/** f the conductivity sigma:50 - 

100 S/cm and Seebeck coefficient S is high, the conductivity sigma since it is small, When output 

factor S 2 sigma [W/mK 2 ] becomes small and uses as a heat power generation material, sufficient 
maximum output is not obtained. With these compounds, there was a tendency for the characteristic 
to worsen as the thermoelectrical characteristic became the maximum near 600 ** in operating 
temperature and temperature became high. 

[0006]So, in order to perform more efficient heat power generation, have higher Seebeck coefficient 

S and conductivity, and it has bigger output factor S 2 sigma [W/mK 2 ], and development of the heat 
power generation material in which the high thermoelectrical characteristic is shown in a wide 
temperature requirement is called for. 

[0007]The place which this invention was made in view of such a situation, and is made into the 
purpose shows the further outstanding maximum output, and there is even a not less than 1000 ** 
elevated temperature in providing a new heat power generation material in which the high 
thermoelectrical characteristic is obtained. 
[0008] 

[Means for Solving the Problem]An oxide material is very advantageous **** in respect of an 
elevated-temperature operation in the air. Then, a place where artificers examined the 
thermoelectrical characteristic paying attention to various multiple oxides with conductivity stable in 
the hot high and atmosphere, It found out that the thermoelectrical characteristic that a zinc oxide 
(ZnO) system multiple oxide, especially a ZnO system multiple oxide which replaced zincky [ some ] 
(Zn) with aluminum (aluminum) are expensive was obtained, and an invention was completed. 
[0009]A zinc oxide system multiple oxide which replaced some zinc of the above-mentioned zinc 
oxide with aluminum, [Equation 5] 
C Z n i -x A I x ) 0 1±6 (ff ttft^ttlt) 

Although it can display, the zinc oxide system multiple oxide in this invention can express the 
amount of substitution of aluminum with x, and this amount x of substitution is the range of 1>x>o. 
[0010]In a multiple oxide replaced with aluminum, some zinc of this zinc oxide. Conductivity high in a 
wide temperature requirement (0-1000 **) (about 1000 S/cm), A high Seebeck coefficient and in 
order to show an Seebeck coefficient «an Seebeck coefficient is displayed by minus at n die 
materials» (100 - 200 muV/**) of a high absolute value correctly, an output factor obtained will 
also be 5 to 10 times the iron silicide series compound. 

[001 1]A powder sintering process can be used as a method of manufacturing a zinc oxide system 

multiple oxide of this invention. 

[0012] 

[Example]ZnO and aluminum 2 0 3 were mixed with the respectively sufficient weighing back, the 

rubber press was performed, it calcinated near 1400 ** after fabricating in a rectangle for about 10 
hours, and X= 0.01, x= 0.02, and three kinds of O (Zn^aluminum ) sintered compact samples of x= 

0.05 were obtained. Such relative density is 99%, respectively. It measured about the temperature 
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dependence of the conductivity of these sintered compact samples, an Seebeck coefficient, and an 
output factor. The measurement result was as drawing 1 , drawing 2 , and drawing 3 , respectively. 
[0013] 

[EffectjThe zinc oxide system multiple oxide heat power generation material which replaced some 
zinc of the zinc oxide of this invention with aluminum shows a 5 to 10 times as many output factor 
as iron silicide series compound heat power generation material in a 0-1000 ** wide temperature 
requirement, and the high thermoelectrical characteristic is obtained. And since oxidation resistance 
is high, even a not less than 1000 ** elevated temperature is stable, the outstanding 
thermoelectrical characteristic is shown and coating is also unnecessary. Therefore, since operating 
temperature by the side of an elevated temperature can be made high, improvement in conversion 
efficiency can be aimed at. Compared with the conventional semiconductor thermoelectric material, 
it is hard to be divided by a mechanical strength being high. And material is cheap, manufacture is 
also easy and total cost also becomes cheap. 



[Translation done.] 
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